METHODS AND MATERIALS
The material on which this paper is based was caught in approximately monthly samples taken from October 1953 to May 1955. The dates of capture are given in Table 1 . The fish ranged from 5 to 33 cm in length and 0 to 7 + years of age. The samples were obtained with a small-mesh cotton V.D. trawl of the following dimensions: headline, 49 ft.; footrope, 78 ft.; bridles, 15 fathoms; lower wings and belly mesh size, 2! in. bar, all other meshes, I in.
bar. It is thought that this trawl took an adequate sample of the population, though the mesh-size selection gave noticeably biased samples of the'younger age-groups (see T. B. Bagenal, 1955a, b) . Supplementary hauls (Table 2) were taken with other trawls of various dimensions.
The fish were mostly caught off Mountstuart House on the east side of the Isle of Bute at a depth of about 40 m. Before the final adoption of this sampling area, hauls were taken at various places round the Isle of Cumbrae, though prior to and during the spawning time samples were also obtained from the deeper water betWeen Bute and Cumbrae. During the 1955 spawning season hauls were also taken at other places in the Clyde Sea area (see Table 2 and p. 348). As will be shown later, there is a segregation of mature and immature fish, and the more scattered sampling areas at spawning time were chosen to avoid any bias that this might produce.
The fish were examined fresh in the laboratory. For the purposes of this study the following information was obtained for each individual fish: overall length, sex, stage of maturity, weight of the gonads, and gutted weight; the otoliths were kept for age determination. The overall length was measured from the tip of the lower jaw to the end of the longest caudal fin ray to the nearest 0'5 cm. Later, however, the measurements were grouped into centimetre groups which ranged from x -0'25 to x +0'75 cm; these were, however, all classed as x cm rather than x'25 cm for simplicity in computation. Each fish was assigned to a 'gonad stage' according to an arbitrary classification: not requiring later regrouping of stages to provide sufficient numbers for analysis.
The classification of the maturity of the males was difficult and no clear stages in gonad development could be found. In any case the numbers caught were so small that analysis of different stages was not practicable.
The gonad weight, and the gutted weight without gonads (in this paper called simply 'weight') were taken to the nearest 0'5 g.
The treatment of the otoliths in age determination has already been described (T. B. Bagenal, 1955a) .
During the spawning period 20 min hauls were taken with a coarse plankton net at the surface to collect Long Rough Dab eggs. These hauls, taken regularly twice a week in Fairlie Channel, were supplemented by others from elsewhere. Later, hauls were taken for larval and post-larval stages and the young bottom-living fish were caught with a small beam trawl with t in. bar cotton netting,
THE LENGTH-WEIGHT RELATION AND CONDITION
Before analysing the data on the breeding and fecundity of the Long Rough Dab it was necessary to consider the condition of the fish; many breeding phenomena might be associated with the well-being of the particular individuals. While there are a number of ways by which the condition of a Long Rough Dab might be measured, the obvious choice with the data available was the weight of the fish for a given length. It seems a reasonable assumption that the heavier fish of a given length are in better general health. In the process of arriving at the relative condition of the Long Rough Dabs, the length-weight relation was analysed, and since this relation is of interest in itself, it will be considered here.
THE LENGTH-WEIGHT RELATION
The details of the analyses of the relation of length to weight for the fish are given in Appendix I, It is shown that for most groups of fish the weight increases at a rate slightly greater than the cube of the length (Fig. I ). This power was not found to differ between different age-groups or between the males, and immature, maturing and spent females. However, significant differences were found between the powers for immature females caught on different dates. The value of the power ( = b, the coefficient of the regression of the logarithms of weight on length) is shown in Fig. 2 and appears to vary in an annual cycle. The significance of this would seem to be that if all the fish are gaining in weight and the power is increasing, the larger fish must be putting on weight faster than the small ones, whereas if the power is decreasing the smaller fish must be gaining faster. This aspect of the lengthweight relation will be discussed in connexion with the condition of the Long Rough Dabs. 
THE SEASONAL CYCLE IN CONDITION
The measure of condition has been calculated as the expected weight of a 20 cm Long Rough Dab, derived from analysis of the length-weight relation. The condition of the males, immature, maturing and spent females was found to differ from month to month, and the results are illustrated diagrammatically in Fig. 3 . The age-groups within these classes were pooled because on only one of the four dates tested was there a possibly significant difference in their condition. The data are most complete for the immature female fish. It can be seen that these reach their peak of condition in November-December, and then they lose condition until late April after which there is a recovery. In Fig. 4 are shown the cycles in condition and regression coefficients together. This figure suggests that at first the smaller fish both lose and gain condition faster than larger ones, though later this is reversed and the large fish tend to catch up. all fish losing weight, small fish losing faster than large ones. Period C: March-May; all fish still losing, large fish now losing faster. Period D: May-July; all fish gaining in weight again; the small fish gaining faster than the large fish.
The condition of the maturing females is also shown in Fig. 3 . It will be realized that any change in condition might be masked by changes in the gonads. The condition has therefore been calculated, both from the total weight including the gonads and from the weights excluding gonads. It can be seen that the total condition (based on weight including gonads) is greater than that of the immature fish, but during March those fish which spawn late lose condition very rapidly and that even earlier the maintenance of the total condition is due to the developing gonads at the expense of the condition of the rest of the fish. The condition of the spent fish is considerably lower than any other group but recovery is rapid, and by August is at approximately the same level as the other groups. The regression coefficients (Table 17) suggest that during autumn and winter the condition of the maturing fish changes similarly in all size-groups until the fall in March when the larger fish are affected most. With spent fish the larger specimens recover faster until May when the recovery of the smaller fish is most rapid.
• The data for the male Long Rough Dabs are unfortunately rather meagre, though the cycle in condition appears to be similar to the other groups, being high during autumn and winter and falling to the lowest level in May.
GENERAL BREEDING BIOLOGY THE SEX RATIO
It is apparent from Table I that there are many fewer males than females in the catches. This might be due to the smaller size of the males, which would be able to escape through the net more easily (T. B. Bagenal, 1955b) , but even for comparable size-groups the males are less numerous than the females, and as the females grow faster, one would expect to find more males in the small size-groups if equal numbers are produced and survive. It seems very unlikely that such unequal numbers of the two sexes would be produced at spawning, and the apparent difference in later life may be due either to differences in the population, or in the samples. The former would include such factors as different habitat preferences, while different behaviour towards an approaching trawl, or different reactions once caught, would be included in the latter. It should be recorded that in no sample ever taken in the Clyde area has a population predominantly male been caught, and the reason for the anomalous sex ratio has not yet been found.
THE RELATION OF MATURITY AND AGE, LENGTH AND WEIGHT
The data are given in Tables 3-7 , and are based on the fish caught during the 6 months, October to March, prior to spawning (in 1954 there was no December sample). The two years 1953-54 and 1954-55 are treated separately, though the combined figures are also given, and the data are illustrated in Fig. 5 A-C.
The relation of maturity and age is given in Table 3 and Fig. 5 c. The results for the two years are quite comparable. It will be noticed that there is no definite age at which the fish become mature, for although the percentage mature increases with age, immature specimens of all but the oldest fish have been found. Data concerning the relation of maturity and length are given in Table 4 and Fig. 5 Long Rough Dabs, based on the 6 months prior to spawning, e--e, 1953-54; x -x, 1954-55· Within a given age-group there is considerable variability in the length and weight of the fish. Tables 6 and 7 give the distribution of mature and immature fish in length-and weight -groups of Long Rough Dabs of the same age.
Only in the 3 + and 4 + age-groups were there sufficient fish, well enough divided between mature and immature, to give adequate numbers in each class for comparisons to be possible. The means given in Tables 6 and 7 are based on the original data. An analysis of the percentages of mature fish in subgroups of the same age and length, and of the same age and weight are given in Appendix 2. The results of these tests show that the variability between the percentages for different ages with the same length is significantly greater than that between pairs of groups of fish of the same age and length caught in 1954 and in 1955, though the variability between those for lengthgroups of the same age is not. This suggests that maturity is more closely linked with the age of the fish than its length. Thompson (1915) , working on the Halibut, similarly found' that the maturity is entirely dependent on age, . , not on Size....
A further comparison of the relation of maturity, length and weight is made when we consider the condition of the mature and immature fish. A discussion of the relative condition of Long Rough Dabs has already been given, and it was seen (Fig. 3) that the immature females increase in condition during the summer and autumn and decline again from November to May. The mature fish, though in comparable condition in August, put on total weight faster than the immature ones. This is to a large extent an increase in gonad weight at the expense of the rest of the animal which is relatively in poorer condition than that of the immature specimens. The fish are in their lowest condition just prior to spawning and when newly spent. It also appears that those fish which spawn late in the season lose the most weight. This suggests that there is some survival value to the fish to spawn early, but the maintained regularity of spawning date suggests that there must be some compensating factor. This might well be an increased survival value to the offspring by being spawned late when the water temperatures are more suitable for rapid growth.
It has been suggested that Long Rough Dabs do not necessarily spawn every year, having once attained a certain age or size. It would be of great interest to know when and how it is determined whether the fish will spawn during the next season. The data in the present study are not sufficiently detailed to give any answer, and it is only possible to note that stage 2 fish were not identified before July and only in August were there sufficient numbers for analysis. Those spent fish which had gonads developing for the next season were in significantly better condition than those classed with the immature fish.
THE SEASONAL CYCLE IN GONAD WEIGHT
It was clear from a preliminary examination of the data that the weight of the gonad increased with the size of the fish, but the effect of the age on gonad weight was not apparent. The statistical analysis of the data is given in Appendix 3, where it is shown that for fish of a given length or weight there is no difference in the gonad weights of the different age-groups. After pooling the ages, the expected gonad weights for mature female Long Rough Dabs of 69'98 g were calculated for the months prior to spawning and these, shown in Fig. 6 , illustrate the rate of development of the maturing ovaries. THE SPAWNING TIME In Table I can be found the dates of capture and the numbers of Long Rough Dabs of each maturity stage that were caught. The percentages of immature, ripe and spent of the total mature fish are given in Fig. 7 , which also includes a graph of the numbers of Long Rough Dab eggs in 20 min tow-net hauls off Keppel Pier. From this figure it can be seen that the spawning times in 1954 and 1955 were very similar, and lasted from the beginning of March until the end of the second week in April, and half the fish had spawned by 20-22 March. It is at this time too that the fish are in the poorest condition, though the lowest level reached by the males is later than that of the mature females. The egg collections support these conclusions very well. It appears from the small percentage of stage 3 fish caught on each occasion (never more than 50 %) that this stage is of short duration for each individual fish, as was found by Fulton (1890) . In this respect it is of interest that only one fish (caught on 29 March 1955) was actually fully ripe with running eggs. A comparison with previous studies in other regions, based on egg surveys or the maturity stage of the adult, is given in Table 8 . The relation of spawning time and age is shown by the data in Table 9 , which suggests that the older fish spawn first. It has also been found that the larger fish spawn first; the mean length of the spent fish on 30 
THE GROWTH AND DEVELOPMENT OF THE EGGS AND LARVAE
The eggs of the Long Rough Dab were found in plankton catches obtained from 20 min hauls in Fairlie Channel from the middle of March to the beginning of May. Although the same kind of net was always used (mouth diameter 45 cm, 26 mesh to linear inch) the hauls cannot be considered strictly quantitative owing to a number of factors, The catches, however, do show the approximate duration of Long Rough Dab eggs in the plankton, and when the greatest numbers were present (Fig. 7) .
No attempt was made to catch the larval Long Rough Dabs before the yolk-sac was absorbed. They were not seen in the plankton hauls, but were probably overlooked. However, post-larvae were found and the details of the catches are given in Table II ; the rate of growth of these larvae is illustrated in Fig. 8 . It was found that metamorphosis commenced when the larvae were about 15 mm long and that they took to the bottom as fully metamorphosed fish at about 25 mm in length. There was considerable individual variation about these average sizes. The decline in egg numbers in the plankton hauls is shown in solid black for each year.
FECUNDITY
During the study of the breeding biology, fecundity estimations were made for II9 of the stage 2 Long Rough Dabs. The fish were mainly from two samples, the first consisting of the 25 fish obtained on 15 February 1954, and the second of the 91 fish on 2 March 1954 (see Table I ). On these dates all the maturing female Long Rough Dabs that were caught were examined; and they may be considered as random samples from the population; the stage 3 fish on 2 March 1954 was not included since some of its eggs may have already been shed. The remaining three fish were obtained on 15 and 30 March, and were selected because they represented the smallest size-groups of mature females and were supposed to supplement the two random samples. After the usual treatment of the fish (see p. 340), the gonads were preserved. The full details for each individual were kept separate, and these are given in Table 30 . The method of preservation and subsequent treatment of the ovaries followed that used by Simpson (1951) for plaice. The ovaries were preserved and stored in Gilson's fluid modified by doubling the amount of acetic acid. This not only preserved the eggs but also helped to liberate them by breaking down the ovarian tissue. The process was aided by repeated, though spasmodic, shaking of the bottles in which the ovaries were preserved. Before the eggs were to be counted the ovaries were teased apart and the ovarian tissue removed and any adhering eggs were returned to the bottle. Next the eggs were washed by successive shaking in Gilson's fluid and decanting the supernatant liquid, though if the eggs were to be counted immediately water was used and this was not found to affect the eggs. The decanting removed not only remaining pieces of ovarian tissue, but also those minute eggs which would be laid in later years and have caused difficulties in the past (Fulton, 1891; Mitchell, 1913) . Lastly, the eggs were examined in a Petri dish and any remaining tissue removed, and clumps of eggs were broken up.
Estimations of the egg numbers in ovaries of each fish were obtained from the means of four subsamples of 1/200 each. The eggs were placed in a cylindrical museum jar and water was added until the volume was 200 times the capacity of the subs ampler, which consisted of a small specimen tube attached to a glass rod. For most of the counts the tube held 13 mI., but in the earlier subsamples one of 12 m!. was used. The eggs were stirred vigorously with a non-rotary action until apparently randomly distributed. The subsampler was quickly filled, and the contents washed into a Petri dish. This process was repeated four times, and each of the subsamples counted.
In order to test the accuracy of the method 40 counts were made on the same batch of eggs and these are given in Table 12 . The counts were made in series of four and the subsamples were returned to the jar after each series. The standard deviation of forty observations was 97'308 corresponding to a coefficient of variation of IO·OS%. For the means of four the standard deviation is 48.654 (97·308/.J4) corresponding to a coefficient of variation of
S·03%·
This may be compared with the method given by Simpson who used a I mI, stempel pipette from a ISO mI. whirling flask and got a standard deviation for forty observations of 3S'393 or C=9'S7% and for means of 4 of 4'78 %. The coefficient of variation based on his actual means was 3'64 %, and in the present work 7'oS %. This indicates that Simpson's actual means were less variable than might be expected by chance from the separate counts, while those given in Table 12 are more variable. The analyses of the relations of fecundity to age, length, weight and gonad weight are given in Appendix 4.
RESULTS
The data given in Appendix 4 show that the fecundity of the female Long Rough Dabs varies from 2S,000 eggs for a fish of ca. IS cm and 20 g to 2S0,000 for one of ca. 30 cm and 200 g. The statistical analysis of the data shows that there is very great variability in the fecundity, and that while the general level can be related to the age, length, weight and gonad weight of the fish, there is still a large amount of variability after these factors have been taken into account. The analyses show that for estimating the fecundity, weight and gonad weight used together are the most accurate. However, since length is so much easier and quicker to measure, if time is limited and the fish are not, it might be more suitable to predict fecundity from a larger sample using only the length data. The variability is shown diagrammatically as scatter diagrams of fecundity and length, weight and gonad weight in Figs. 9-11. The fecundity has been found to increase at a rate slightly above BREEDING OF LONG ROUGH DAB .~":" .
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:.,A" ,. the cube of the length. The relation of fecundity and age is, in so far as there is a relationship at all, almost linear, but since there are so few age classes it is obvious that the variability will be large. The relation of fecundity to weight is also probably linear, which is to be expected since the relation of weight to length· is similar to that of fecundity to length. The relation of fecundity to gonad weight is shown in Fig. II and is non-linear. Fulton's (1891) five fecundity estimates are a little lower than those given here for fish of a comparable length, but the regression of log fecundity on log length is not linear for the data he gives, which suggests that the estimates may not be reliable. Mitchell (1913) observed three sizes of eggs in the ovaries she examined. If those estimates of fish evidently in the maturity stage 3 condition, and also the minute eggs to be spawned in later years, are ignored, the estimates do not differ significantly from those given here.
Milinsky (1944) gives egg numbers for three fish of 47, 48 and 49 cm in length. Long Rough Dabs of this size are never found in the Clyde area, but the fecundity he gives is significantly lower than would be expected from the regression equation given in this paper. A Clyde Long Rough Dab of about 32 cm would be expected to have a fecundity comparable to that given by Milinsky for his fish.
DISCUSSION
Simpson's (1951) interest in the fecundity of the Plaice, Pleuronectes platessa, was primarily directed to obtaining reliable data for population estimation from planktonic egg surveys (Buchanan-Wollaston, 1923) . Other interest centres round the problem of determining the density-dependent factors affecting the population size. It has been argued by Lack (1954) that since fecundity is associated with the size rather than the age of the parent, and also that since fish tend to grow faster at low population densities than in overcrowded conditions, where food is supposed to limit growth, the population density in natural conditions is controlled by the available food. The analysis of the fecundity data given in this paper confirm the closer association of fecundity with size than with age. However, it is also shown that in Long Rough Dabs the percentage of mature fish in the population is associated with the age structure and not the size-frequency distribution. Thus with a moderate increase in the predation of the older and larger fish the number in the breeding stock is diminished, though each individual produces more eggs.
The problem of natural death in fishes was considered by Orton (1929) who, using Russell's (1914) data for Haddock, Gadus aeglefinus, suggested that death might be brought about by what could be called 'over reproduction'. Russell's evidence showed that the gonad weight to total weight ratio increases with the size of the fish, and Orton suggested that this tendency BREEDING OF LONG ROUGH DAB 353 would produce a size limit above which the fish could not survive. In the breeding data on the Long Rough Dab analysed in this paper it has been shown that relation of gonad weight to weight is linear and no trend was found in the relation with increasing age (p. 373). However, another aspect pf the same problem is seen when we consider the fecundity. Milinsky's very large dabs did not produce the egg numbers expected from their size. Furthermore, from a consideration of the regression of log fecundity on log gonad weight (Fig. II) , it appears that the number of eggs in the gonad does not increase in proportion to the weight. This result was unexpected since the larger gonads will have a proportionally smaller surface area and so, not only should carry less surface moisture when they are weighed, but also less ovarian tissue should be found surrounding the eggs in the larger gonads. We can only suppose that the heavier gonads produce fewer eggs per gram than do the lighter ones, so the eggs are presumably larger and heavier. In future work an analysis of the eggs is needed to show how the fecundity is related to the food reserves in the eggs themselves, and so perhaps to their viability. To a large extent in fish, significance of the fecundity is obscured by the enormous numbers of eggs laid and its dependence on the size of the parent, but the significance of clutch-size in birds and litter-size in mammals have been discussed by Lack (1947 Lack ( , 1948a . It would appear that, as in these other groups, if other factors are equal the eggs from the more fecund parents would have greater chances of survival than those from the less fecund. Unless there were some compensating factor, a mutation tending to produce greater fecundity would pass through the whole population. It has, in the past (Simpson, 1951) , been suggested that the factors governing the fecundity of individual fish might be: (a) the condition of the fish when the germinal epithelium is laid down during the first year of life; and (b) the condition of the fish either when the eggs to be laid each year are separated from the mass of developing ova, or when the new primary oocytes are being formed each year. The condition of the fish at.these critical times is expected to be closely associated with the food supply and the temperature of the environment. These environmental factors may indeed be expected to influence the fecundity of individual fish within limits set by their hereditary characteristics. A mutation, tending to increase the general level of fecundity, would still be expected to spread through the entire population were it not for some compensating factors, which reduce the chances of survival of the entire progeny of a particularly fecund individual. Such compensating factors may act on the parent or the eggs. Mter spawning the female fish are in the poorest condition reached during the whole year. If fecundity and postspawning condition were inversely correlated and the condition of the fish critical to their survival, the more fecund fish might not live to spawn again or only to spawn two seasons hence. With the data available there is no evidence of the more fecund fish being in poorer condition (Appendix 4, p. 375).
It is clear from the earlier section that some fish do not spawn every year having once reached sexual maturity. It is, however, difficult to say if this is associated with greater fecundity in the previous season.
Factors associated with the survival of the progeny would include the possibility of the eggs being smaller, and containing less food reserves.
While it is not possible at this present stage to suggest which of these factors is the most likely to control the fecundity of a given species of fish, these are the lines on which future work might profitably be directed.
SUMMARY
Details are given of the breeding biology, including the fecundity, of the Long Rough Dab deduced from samples taken in the Clyde Sea area from October 1953 to April 1955. Where possible breeding is related to the condition of the fish; the index of condition is based on the length-weight relation.
The weight of Long Rough Dabs of each sex and stage in maturity increases as a power, slightly greater than the cube, of the length. An annual cycle of fluctuations of this power is seen in the immature females, and indicates how changes in condition at different seasons affect the different size-groups. The measure of condition is taken as the expected weight of a 20 cm Long Rough Dab, and the changes in this weight are followed through the sampling period for males and for immature, maturing and spent females. All groups tend to be in best condition during November and December followed by a decline to the spawning time, in March and April, after which there is a slow recovery.
The scarcity of males in the samples cannot be satisfactorily explained. There is no definite age, length or weight above which all the female fish become mature, but the percentage of mature fish is more closely linked to the age structure than to the size-distribution. The condition of the mature and immature fish is compared; mature females are initially in better condition, and as the breeding season approaches this is maintained by the gonads developing at the expense of the flesh. The relations of the gonad weight to length and to weight appear to be similar in all age-groups, and the prespawning increase in gonad weight is discussed.
The spawning season was determined from the disappearance of mature fish from the samples and their replacement by spent females, and by the appearance of eggs in the plankton; it extends from the beginning of March to the middle of April. The older and larger fish have been found to spawn first; spawning takes place predominantly at depths of 6Q-90 m. The eggs remain in the plankton in quantity for 3-4 weeks. The larvae metamorphose at about 15 mm, take to the bottom at approximately 25 mm and for the first 6 months grow at about 10 mm per month.
The fecundity was estimated from four subsamples of 1/200 of the eggs from each of 119 fish, mostly caught on two dates. The egg numbers varied BREEDING OF LONG ROUGH DAB 355 from 25,000 for a fish of 15 cm to over 250,000 for a 30 cm fish. The data were subjected to multiple regression analyses and it is seen that the fecundity is most accurately estimated from the weight and gonad weight together, and the addition of length to these measurements does not increase the efficiency significantly. The fecundity was found to be related to weight linearly, to the length at a power greater than the cube and to the gonad weight at a power less than unity. The significance of these relations and a discussion of the wider implications of the paper is given. 
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APPENDIX 1 THE ANALYSIS OF THE LENGTH-WEIGHT RELATION AND CONDITION
The data used in this analysis were obtained from the samples listed in Table I . The methods of obtaining the data have been given, but it must be remembered that there is no evidence available as to the selectivity of the trawl with regard to the lengthweight relation. We may suppose that the fatter and heavier fish of a given length would be more easily retained by trawl meshes of a given size. A preliminary scatter diagram (Fig. I ) of length and weight suggested that their relationship was of the form
W=aLn,
where W = weight, L = length, a is constant and n an exponent approximately = 3.
The analysis of the data could best be accomplished by using logarithms and fitting the straight line regression of log weight on log length, log W=log a+n log W to the data by the method of least squares.
The data were divided into four groups according to sex and maturity as follows: (I) males; (2) immature females (stage I); (3) maturing females (stage 2); (4) spent females (stage 4). These groups were further divided into subgroups by month of capture. Although it was originally proposed to further divide the subgroups into their respective age-classes, this was not found to be practicable owing to the small numbers that would be in each division. The two largest subgroups from each main group were chosen and a preliminary analysis carried out to see if the length-weight relation differed in the different age-classes. This was carried out by an analysis of covariance in a manner similar to that used by LeCren (1951) . For an account of the statistical methods see Snedecor (1946, pp. 318-29) and Mather (1946, pp. II9-28) . As an example of the calculations, the data for the immature females in the sample caught on 2 March 1954 are given in Tables 13 and 14 . The two most important tests (apart from line I, Table 14 ) are those of lines 4 and 5 (Table 14) . The first tests the significance of the differences between the expected weights in each subgroup corresponding to the grand mean length. This is therefore a test of the differences in condition between the different subgroups (see next section). The second tests the difference between the subgroup regression coefficients and is therefore a test of the difference in length-weight relation of the subgroups. The other tests are of less interest. Line 3 tests the significance of the regression of the means of the subgroups, while line 2 tests whether there is a significant difference between the average of the subgroup regressions and the regression of their means. It is obvious that if line 3 is significant, line 2 can have no meaning.
Various tests were performed on the data before the regression analyses were carried out, in order to see to what extent the assumptions made were in fact valid. Bartlett's test of homogeneity was applied to the residual variances (Pearson & Hartley, 1954) ; because in order that the tests of significance may be valid the data must be homogeneous. These tests showed that the data were heterogeneous. The heterogeneity was not removed by considering the age-groups separately and it was thought that Bartlett's test might have revealed non-normality in the log length and log weight frequency distributions. Tests for normality were carried out on a large number of these distributions and the majority were found to be significantly nonnormal. It is clear that if the lengths are normally distributed, the weights will not be, if the length-weight relation approximates to W=aV. Although taking logarithms helps to normalize the weights, it simultaneously tends to skew the lengths. For a critical discussion a considerably more complicated form of analysis is required, and it was not thought that such an analysis was justified with the present data. It should be borne in mind, however, first that the effects of non-normality do not invalidate the estimates of the regression; the equation found is still the' best straight line' (by the method of least squares) for the data; it is only the tests of significance that are less reliable than would be the case with strictly normal and homogeneous data. Secondly, the effect of non-normality is usually to produce more significant results than would otherwise be found (Cochran, 1947) . In this work on Long Rough Dabs it was found (for example in Tables 5 and 6 ) that the comparisons being tested were mostly either not significant (P>0'05) or highly significant (P<O'OI), and in only a few cases would the conclusions be changed by using the 0'01 level of probability as a basis for rejection of a hypothesis rather than the more usual level of 0'05, and the more severe test may be used for these data.
THE LENGTH-WEIGHT RELATION
The analyses of the regressions of log weight on log length were first carried out on different age-groups of otherwise comparable fish (Table 15 ). These 'between ages' comparisons were made on the two subgroups from each main group that contained the most individuals. It can be seen that in one case there was no definite trend in the means of the different ages, and in this case too the differences in 'condition' of the fish are possibly significant. It will be noted that in no case was there a significant difference in the length-weight relation of the different ages as shown by the regression coefficients. This evidence suggests that the age-groups may be pooled and the analysis continued to test the differences on different dates of collection.
The results of these analyses are given in Table 16 and the regression coefficients for the regressions are given in Table 17 together with their 95 % fiducial limits.
These limits were calculated as
where t = Student's' t' for n -2 degrees of freedom, Sx2 = sum of squares for length, residual s.s. =residual sum of squares (e.g. from Table 13 ). In Table 16 it will be noted that only for the immature females are there significant differences between the coefficients for different dates. It is usual in studies of the length-weight relation of fish to test if the regression coefficients are significantly different from 3, to see if the fish in question obey the 'cube law'. It can be seen from Table 17 that 3 is within the 95 % fiducial limits for most subgroups except those of the immature females, for which the coefficients are mostly significantly greater than 3. However, with the total regressions, based on all the points summed over dates, only with the males do the fiducial limits include 3. It is usually assumed that differences in the regression coefficients at different times are not of interest and are only estimates of the overall value. However, the fluctuations in the coefficient may be of interest since they indicate how different size-groups are behaving in their length-weight relation. For example, if all fish are putting on weight and the large fish do so relatively faster, the coefficient increases, whereas if the coefficient decreases it is indicative of relatively faster weight increase by the smaller fish. In this way the study of the regression coefficient should be closely linked with the analysis of the condition.
It has been noted that only the immature females showed significant differences in the regression coefficients of different dates. These are shown graphically in Fig. 2 , where it can be seen that there appears to be a yearly cycle in the value of b. The biological significance of this cycle has already been discussed. With maturing and 24 JOURN. MAR. BIOL. ASSOC. VOL. 36. 1957 spent Long Rough Dabs the differences in the coefficients are not significant, but even so they may be of interest. The values of the coefficients for the total regression (pooled over dates for each group) are also given in Table 17 , and the significance of their differences are shown in Table 18 . The data for the immature fish are included even though not homogeneous. In Table 16 can be found the significance of the differences in the adjusted means for the different subgroups (dates) of the main groups of Long Rough Dabs. These adjusted means for each subgroup are the expected mean weights of fish of the grand mean length (for each main group). They are, therefore, a test of the condition between the subgroups of fish and it will be noticed that in each case the differences are significant. Within each group the adjusted weights are comparable, but in order to compare the condition of the different groups one with another it is necessary to adjust the weights not to the mean length of the group but to a length more suitable for all the groups.
An arbitrary length of 20 cm was chosen as being conveniently within the range of all the groups and sufficiently near the grand mean length. While male Long Rough Dabs as large as 20 cm are rare, this length is at the lower end of the range of mature females. The weights expected (W) for fish of 20 cm calculated from the regression equations for each month are given in Table 19 together with their 95 % fiducial limits, and are shown diagrammatically in Fig. 3 . The differences found to be significant in Table 6 can be taken as equally applying to these variations. A discussion of the results is given earlier in the paper.
The expected weights are given by W=W.Vj1b, where L = 20 cm, and Wand 1are the arithmetic means of the weights and lengths obtained from the raw data. This equation is derived from
but for estimating the weight from the lengths, the antilog of log w gives a biased result since it is based on the mean of the logarithms (= geometric mean) and the arithmetic mean should be used (M. Bagenal, 1955) . The 95 % fiducial limits of estimated weight (W) are given by
In this case the limits may be calculated on the logarithmic values and the antilogarithm taken to give the limits in grams.
APPENDIX 2 THE ANALYSIS OF MATURITY AND AGE, LENGTH AND WEIGHT
The data for the percentage of mature fish were grouped into two tables for length and weight (Tables 20 and 21 ). It will be seen that in some cases the two years 1953-54 and 1954-55 provided pairs of percentages of the same age and length. The variability between these pairs provided a standard against which it was possible to test (after a transformation of percentages into angles) (Snedecor, 1946, p. 447 and table 16'8) the variability between ages within length-groups, and between length-groups within ages; and similarly for ages and weights. The result of this test is given in Table 22 , where it is seen that the variability between different ages with the same length is significantly greater than that between years, though the variability between length-groups of the same age is not.
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A comparable analysis for age and weight is also given in Table 22 . Here the variance between ages, although double that of the' between weights' is not statistically significantly greater than that of the' between pairs' variance.
APPENDIX 3 THE ANALYSES OF GONAD WEIGHT
The effect of the age of the female Long Rough Dab on gonad development was examined in preliminary regression analyses of the logarithms of the gonad weights on lengths and on weights for different ages carried out on the data of 15 February and 2 March 1954. The results of these analyses are summarized in Table 23 . Full details of method and data are given in Appendix 1.
The coefficients for the regressions of gonad weight on length for the different ages were found to differ significantly for the 2 March data. To a large extent this variability was due to the inclusion of the data from the six 5-year-old fish, which were widely scattered; but even without these fish the coefficients were significantly different at the 5 % level. Since in the analysis of regression on weight the regression coefficients were not significantly different it is probably safe to ignore this anomalous result. The values for the regression coefficients are given in Table 24 . There is no clear trend in the coefficients with increasing age and those for the regressions of gonad weight on weight Il1ay be taken to indicate a linear relationship; that is, the data suggest that there is no difference in the gonad weight/flesh weight ratio in the different age-groups.
The analyses summarized in Table 23 indicate that either length or weight may be used in the further analysis of the gonad weight annual cycle, and that the different ages may be pooled. The standard error of estimates of gonad weight are very comparable for the length and weight regressions, being O· I 12 g for the former and O· I 19 g for the latter for the March data, and O· 146 g for both length and weight for February. For further analysis the regression of log gonad weight on log weight was used. The values for the regression coefficients did not appear to change from month to month in any ordered manner, showing there was no obvious difference in the time of gonad development of fish of different sizes. The adjusted gonad weights were calculated for fish of a grand mean weight of 69'98 g and are shown in Table 25 where F = fecundity, L = length and a and n are a constant and exponent to be obtained from the data. Both these suggestions were examined by analyses of the regressions of logarithm of fecundity on the logarithm of the independent factor. First, however, analyses of covariance were carried out to determine whether the relations of fecundity and length and weight changed significantly with age. These analyses were essentially similar to those shown in Tables 3 and 4 for the lengthweight relation. The results of these analyses are shown in Table 26 . The regressions analysed were those of log fecundity on log length and log weight; the values for the fecundity were the arithmetic means of the four original estimates for each fish. Since the differences between the ages were not significant, the data were pooled and the regressions of log fecundity on log age, length, flesh weight and gonad weight were analysed. Later multiple regression analyses of fecundity on combinations of these characters were also carried out. In each analysis the 'due to regression' mean square was tested against the' about regression' variance to test the validity of the regression in question. From the four estimates of the fecundity for each fish, the' within fish' variance could be calculated (= 'LF; -4'L172, where Fi for i= I, 2, 3 and 4 are the logarithms of the four fecundity estimates and 17 their mean) and was taken as a measure of the errors inherent in the counting and subs amp ling method. This 'within fish' variance is the appropriate mean square for testing the 'about regression' variance, since it is hoped to reduce the variability about the regression plane (by the most suitable combination of characters for estimation) until it is no longer significantly larger than the variability of the laboratory technique. The 'within fish' variance, however, was not large (0'0019 with 273 degrees of freedom, on 2 March 1954 and with 75 degrees of freedom on 15 February 1954), and the 'about regression' variances were always significantly greater than this. The more highly statistical method outlined above for finding the most suitable factors for use in estimating fecundity seems more satisfactory than that used by Simpson (1951) for Plaice. Although Simpson also counted four subsamples of the eggs from each fish, he used these not as a measure of his experimental error, but only to arrive at a more reliable estimate of the fecundity (the standard deviation of the estimate would be reduced bY,,}4of that of a single count). His estimate of the errors in the laboratory method was based on his count of forty subsamples taken specially for the purpose. With the methods given here one may easily measure which factors are the most reliable for estimating fecundity, and test their significances.
After the analyses of covariance and tests of significance had been carried out, the regression equations for estimation were transformed back from logarithms to actual values, and the standard errors of estimate of the real fecundity were calculated. This where u; = the total' about regression' residual variance in logs and 17 = the arithmetic mean fecundity from all the estimates. Using the above formula to obtain the 'between counts' errors for the two sets of data one obtains u,ount,=61'240 for the mean count of 606'34 eggs for 15 February and Uoounts = 41'331 for the mean count of 409'22 eggs of the 2 March collection. These both correspond to a coefficient of variation of O· 1010 or 10'10 % (since the within fish variance was the same for both dates); this closely approximates to the value obtained from the 40 replicate counts. Of the standard errors of estimate given later for each regression equation ± 12,248 eggs and ± 8266 eggs can be accounted for by the variability in laboratory method of the February and March collections respectively.
The' about regression' mean squares, obtained from the analyses of the regressions and multiple regressions of log fecundity on the logs of age, length, weight and gonad weight are given in Table 27 . In all cases these are significantly greater than the 'within fish' mean square, showing that the great variability between fish cannot be due to experimental technique alone.
Of the single factors, age alone is of little use for estimating fecundity and, indeed, for the 15 February data, the' due to regression' mean square is only significant at the 5 % level. Furthermore, the addition of age to the other factors does not produce any BREEDING OF LONG ROUGH DAB 375 significant improvement, except to gonad weight with the February data. Age is not therefore considered in any three factor analyses.
On neither date does the addition of length to the regression of fecundity on weight significantly decrease the' about regression' sums of squares, and for the March data weight does not significantly improve length alone for prediction purposes. In all other cases the addition of a second variate significantly reduces the' about regression' sums of squares.
From the two variate analyses it is seen that for both dates weight and gonad weight together are the best for fecundity prediction purposes, and the addition of length as a third variate does not produce a significant improvement. The most useful equations for predicting fecundity are given in Table 28 , together with the standard errors of estimate. The equations were obtained, in the case of the relation with length for example, in the form where F is the expected fecundity for a given length (L) andl and 1 are the arithmetic means of the egg counts and lengths obtained from the raw data. This is similar to the equation used for estimating 'condition' from the length-weight relation (p. 372).
The choice of the measurement to be used for estimating fecundity should not of course be dictated solely by a consideration of Table 27 . The lengths of fish are so much easier and quicker to obtain than the corresponding weights and gonad weights that if time is limited and the fish are not, greater accuracy in estimating the mean fecundity might be obtained by measuring length alone since the standard error of estimate would be reduced by increasing the sample size.
. The values of the fiducial limits at the 95 % probability level for the coefficients of the regressions of the logarithms are given in Table 29 .
A further aspect of the relation of fecundity to length and weight was examined by a consideration of the correlation of fecundity and condition. The correlation (r=o'I2) between the log condition (=log W-Iog W) and the logarithms of the deviations of the fecundities from their expected values (= log F -log F) was not found to be significant (W=expected weight and F=expected fecundity). In other words, it was found that there was no association between the deviations of the fecundities from the line of their regression on lengrh, and the deviations of the weights from their regression line on length.
